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Abstract
The NOMAD (Nadir and Occultation for MArs Dis-
covery) instrument is a 3-channel (2 IR, 1 UV/Vis)
spectrometer due to fly on the 2016 ExoMars Trace
Gas Orbiter mission. A radiative transfer model for
Mars has been developed providing synthetic spectra
to simulate observations of the UVIS channel in both
solar occultation and nadir viewing geometries. This
will allow for the characterization and mitigation of
the influence of dust on retrievals of ozone abundance.

1. The UVIS instrument
UVIS is an ultraviolet and visible spectrometer form-
ing part of the NOMAD instrument. UVIS will take
frequent, high resolution (1 nm) spectra over the wave-
length range of 200 - 650 nm (the model is currently
running for 100 - 1100 nm). As a significant absorber
of UV, determining the spatio-temporal distribution of
ozone will assist in quantifying the amount of UV ra-
diation reaching the surface, relevant for astrobiologi-
cal studies of the surface environment. The instrument
will also be used to investigate cloud properties, poten-
tially differentiating between those composed of H2O
and CO2 ice.

2. Rationale
Spectroscopy has been used to study atmospheric con-
stituents for many decades. It is through this method
that we learn the composition of non-terrestrial atmo-
spheres. Numerous features of the atmosphere of Mars
are not completely understood, particularly aerosols
such as dust and ice cloud particles. The parameters
describing the spatial, temporal, and size distribution
of dust along with its composition require further in-
vestigation, although estimates have been made [1, 2].
Constraints on the values for the dust optical properties

Figure 1: Example simulated solar occultation trans-
missions as the instrument field of view descends
through the atmosphere. The modelled atmospheric
vertical structure is from typical output of the Mars
Climate Database [7]. Dust begins to have an effect
below ∼ 50 km, and below ∼ 20 km transmission re-
duces to < 10%. The 200 nm cut-off is due to CO2

absorption, the 250 nm reduction due to O3, allowing
for retrievals of O3 abundance.

of single scattering albedo and the asymmetry factor
have been previously derived [3], although most inves-
tigations have addressed these parameters in the visi-
ble and IR wavelength ranges as opposed to UV. Bet-
ter estimates of these parameters leads to better char-
acterization of dust for global climate modelling and
to a better understanding of dust composition, shape
and population and so its role in the martian climate
system. This would benefit future missions, for exam-
ple through improved accuracy of aerobreaking calcu-
lations, and would allow for improved studies of the
thermal role of airborne dust.

Another atmospheric constituent active at shorter
wavelengths is ozone. It is known to some extent
when and where ozone is found, but predictions do
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Figure 2: Example of a retrieval algorithm producing
a vertical profile of O3 abundance. Multiple occulta-
tions are used to invert O3 slant densities. Work is
being undertaken to optimize retrievals for high dust
scenarios.

not always match observations [4, 5]. Measurements
at higher sensitivity, coupled with analyses will con-
tinue to enhance our understanding of how ozone be-
haves on Mars. This will expand the spatial and tem-
poral data set to enable further study of the response of
ozone to diurnal, annual and compositional variations
within the atmosphere.

3. The model
The model being used is NEMESIS [6], a general-
purpose retrieval model originally developed for the
composite infrared spectrometer on board the NASA
Cassini mission. NEMESIS can be used for a general
atmosphere, and has been deployed here for martian
atmospheric conditions, including using updated dust
optical properties [3], and extended to cover gaseous
absorption in the UV wavelength range. Figure 1
shows how simulated transmission spectra change dur-
ing multiple occultations as the field of view descends
towards the surface. There is a reduction in transmis-
sion as the path length and atmospheric density both
increase. One outcome of this work is to determine the
minimum observational altitude during various scenar-
ios, expected to be at approximately 20 km.

Vertical profiles of ozone can be retrieved by us-
ing many occultation transmission spectra to invert
ozone slant densities. Figure 2 shows an example of
such a retrieval, recovered from 50 simulated trans-
mission spectra of a typical Mars Climate Database
atmosphere.

4. Summary
Work is ongoing to maximize the scientific output of
the future mission data with particular emphasis on the
detection of trace gases including O3 and potentially
SO2. Assessing the impact of variations in the prop-
erties and distribution of airborne dust on retrievals
forms a major part of this study.

Acknowledgements
This work has been supported by the UK Science and
Technology Facilities Council.

References
[1] Smith M. D.: Spacecraft Observations of the Martian

Atmosphere, Annu. Rev. Earth Planet. Sci., Vol. 36, pp.
191-219, 2008.

[2] Kahre, M. A., Hollingsworth, J. L., Haberle, R. M. and
Murphy, J. R.: Investigations of the variability of dust
particle sizes in the martian atmosphere using the NASA
Ames General Circulation Model, Icarus, Vol. 195, Issue
2, pp. 576-597, 2008.

[3] Wolff, M. J., Clancy, R. T., Goguen, J. D., Malin, M. C.
and Cantor, B. A.: Ultraviolet dust aerosol properties as
observed by MARCI, Icarus, Vol. 208, Issue 1, pp. 143-
155, 2010.

[4] Lefèvre, F., Lebonnois, S., Montmessin, F. and Forget,
F.: Three-dimensional modeling of ozone on Mars, J.
Geophys. Res., Vol. 109, E07004, 2004.

[5] Perrier, S., Bertaux, J. L., Lefèvre, F., Lebonnois, S.,
Korablev, O., Fedorova, A. and Montmessin, F.: Global
distribution of total ozone on Mars from SPICAM/MEX
UV measurements, J. Geophys. Res., Vol. 111, E09S06,
2006.

[6] Irwin, P. G. J., Teanby, N. A., deKok, R., Fletcher, L. N.,
Howett, C. J. A., Tsang, C. C. C., Wilson, C. F., Calcutt,
S. B., Nixon, C. A., and Parrish, P. D.: The NEMESIS
planetary atmosphere radiative transfer and retrieval tool,
Journal of Quantitative Spectroscopy & Radiative Trans-
fer, Vol. 109, 2008.

[7] Lewis, S. R., Collins, M., Read, P. L., Forget, F., Hour-
din, F., Fournier, R., Hourdin, C., Talagrand, O., Huot,
J.-P.: A climate database for Mars, J. Geophys. Res., Vol.
104, 1999.


